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A, Statemont of the Thesis Preble 

When the s9rodcynemic forces seting on a model are transmitted 
through struts, stings, ote, to the wind tunnel rigging for deter-= 
mination there are several corrections to be made to compensate for the 
verious othsr rorces which have unavoidably onteared into the rigring. 
Among those are the tars corrections for the deflection of the model 
supports. These corrections were satisfactorily made in the case of 
slow speed aircreft in which the tare draz is small in comparison 
with the drag of the sirplanes However, the performance of the new 
jet airplanes and missiles with oxtremely low drag and high speed, 
approaching the speed of sound and hizher, cannot be satisfactorily 
evaluated using the same balance system, A balance system to cive 
satisfactory deta on the aerodynamic forces acting on these low draz 
high speed airplanes should measure only the foroes acting on the 
model with a very hich derree of accuracy, This bedi best be achieved 
through use of an internal balance system, 

Among the mania oitaaees which can be realized throuch use of 4 
balance system which can be placod inside a model are: (a) The above 
mentioned corrections can be eliminated, (b) The balance system can 
be designed for the loads acting on the baci alone, thereby increasing 
the sensitivity and accuracy, (c) The complexity of the wind tunnel 
rigging oan be reduced end, (d) The electricel sensing of all the 
measured components simultaneously permits their direct automatic 
reoording, thoreby savinc time and roducing personnel requirements. 


It is the purpose of this thesis to describes a small internal 
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balance system which has been desisned to measure the six aerodynamic 
forces and moments which act on a model being tested and thereby 
realizing the above mentioned advantaces. 

B, Survey of the Field 

Internal balance systems for measuring three or four of the 
serodynamic forces and moments have been used for sevoral years, These 
balences, in general, have beon large in size thus restrioting their 
use to large size models, furthermore, galling of bearing surfaces end 
internal friction has in many cases reduced their load capacity and 
accuracy. 

During the past yeer the author has been able to visit the follow 
ing activities for the purpose of becoming acquainted with the details 
of the belance systems being used: (a) The Cooperative Wind Tunnel 
at Pasadena, California, (b) Amos Laboratory of NACA at Moffett Field, 
California, (c) North ¢mericen Aviation Inc., st Inglewood, California. 
The Cooperative Wind Tunnel has three internal strain gage balance 
systems of the veam type. Two of these belances dapefica lift, drag and 
pitohing moment while the third also measures rolling moment, These 
belances oro large in size, A fourth belance system in use at the 
Cooperative ‘iind Tummel, while not of the intsrnal type, is of partice 
uler interest; This is the transonic bump balance to which the half 
model is secured for testing. this balance is also of the peam type 
and measures all six aerodynamic forces and moments, 

Ames Laboratory 1x S foot supersonic wind tunnel uses a four 
component bean type strain gage balance system in which all the beems 
ere located in the sting and shielded from the airstream by ea two inoh 
diametor shield, The features of this belance are: (a) Use of ball 


bearings in races for transmitting the load to the beens, (b>) Dreg and 


ae 


rolling moment beams are readily interchangeable, and, (ce) ‘The eleotri- 
cal system is set up to record all resdings simultaneously by puohing 
a single button. 

North American Aviation, Inc, hes developed a small six component 
internal strain care belance system for use in thoir new supersonic 
wind tunnel, this gace is being used satisfactorily. It is fully 
described in ref. (a). | 

Due to the rapid lapse of time end after s conference with lr. 
Bell and Yr, Gayman of the Cooperative Wind Tunnel it was decided that 
an internal strain zace balance system based on the North American 
design promised the quickest and most satisfactory solution of the 
desicn problem at hand. This met with the approval of Drs. Sechler and 


Klein. 
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Side Force 150 158.6 

Pitching KLoment 2000 in, lbs. 

Rolling -oment 209 in. lbs, 

Yawing Moment 1900" in. Luss 


The bal aneos excopt for the rolling moment section, is to be made of 
corrosion resistant steel heat treated to 150,000 psi. The rolling 
1 

moment section is tot mede of 75 ST Aluminum 4iloy and anodized, 4 
safety factor cf five has been used based on ultimate strencth of the 
materinl., <A one and one-quartar inch tapered saction is provided at 
the forward end of the balence for attachment of tne model, The after 
end of the balanoe (the rolling moment section) is designed to fit into 
the Coopsrative ind Tunnel stine. 
B. Lift and Pitohing Moment and Side Foroe and Yewing Moment beams 

The two lift and pitching monent aad side force and yawing moment 
beams are loceted one just aft the model attaciment and ths other just 
aft the drag section as shown in Fert VI, brewing No, 482851, A threse 
quarter inoh space is aevaileble for attaciment of oneehrlf inch type 
SR4 sursin garas. 

Lift end pitching moment are determined oy ceiculetix,: the moment 
in tne two beams from calivration curves, ihe noments ars thén plotted 


end the center of lift determined which would give moments observed at 


the stations of the lift and pitching momont beams, Then lmowing 
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the location of the asrod:nemio center of the model, the lift and 
pitching moment of the model are readily resolved. Sido force end 
yawing moments ere determined in an analocous manner, 
C. Drag Beams 

The two drag beems are located in the center of the balance. 
Bach is oneehalf inch long. They bend as a beam built in at both ends, 
ie. as a double cantilever beam. The drag force is determined by 
calculation of the strein in the dreg beams, then, as before, determin- 
ing the drag from calibration ourvos, 
D. Rolling Moment Saotion 

The rolling moment section screws onto ~_ after end of the rear 
lift beam and is secured against backing off by two set screws, It 
is of 0,520 in, diameter circular section with a wall thickness of 
0.0326 inches, It is shown in detail in Part VI, Drawing No, 1+285«2, 
“hen the rolling moment data are not desired the rolling moment seotion 
may be Penlaedy a steel section of greater stiffness. The rolling 
moment is firured by caloulating the atrain of the cirouler rolling 


manent seotion in torsion, Then from calibration ourves the rolling 


moment is detormined. 
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INSTRUM TATION AND CALIIRATION 


A. Positioning of the Strain Gages 


Accurate positioning of the strsin sages is essential if 
interactions sre 1 be kept smell, It is believed this oan best 
be done through the use of cardboard templates. The position of 
the various strain geges is shoxn in Fig. l. 
Be Seouring the Strein Gages in Position 

Acouracy requires tat ns strain gages be insensitive to 
temperature and humidity changes, Ames Laboratory recommends the 
use of bekelite cement to sooure the strain geges in position on the 
beam. ‘this typos cement requires baking in an oven to set. After 
cementing the gages in position they should be wrapped with several 
leyors of fine lisle cord which is then coated with severel conts of 
Glyptol to make the instal led gace water and vapor proof, 
C. lectrical Connections 

The following electrical detetia will simplify the eleotrical 
system, increase the sensitivity and reduce interactions: (a) Supply 
voltaze to all pazes from oonmon leads, (b) Use two gages in each bridge 
as shown in Fic. 2, (0) The pair Simcoe in eroch bridge should be so | 
arranged that —— sensitivity of the strain to be measured is 
obtained and the other strain components (intersections) are balanced 
out. This arrancement has been made in Fig. 1. (Hxemploe; Ll and 
Ll’ ere a pair of lift strain cages to be connected into seme bridge 
circuit.) 
D. Calibration Srocedure 

A simple end roletively inexpensive set up for oalibrating this 


type of strain pege syatem is described in Ref. (a). 
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Dl On. Dror Surfece Forwerd (z in. enge) 

Dit) One gaze above the other 

pe On Reer Drag Surface (+ in. £24708) 

D2') One gage above the other 

Ri) 468° to Rolling Moment Surface 

Rl') @ in. gaze 90° rossette) 

R2 45° to = Rollinc Moment Surface 

R2') 180° from Rl & R1' (% in. goge 90° rosette) 


Fig. 1 Location of Strain Gages 
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(bo) For four 
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Fic. 2. Bridse Connections 


(= 


~Ge 


in the'following caloulations only the engineering formulae 
have been used, Ho attempt has been mede to obtain an exact solue 
tion, in fact, it is the author's opinion that it would be impossible 
to obtain an oxact solution beoause of the end effects on such short 
beams. the lack of exactness will be no handicap, however, since a 
sefety factor of five on the ultimate strength of the material hes been 
used and since the actual strein for a given loading will be obtainsd 


by calibration. 
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Cy Rolling Moment Section 
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It is realized that a precision Instrument such ae the Six 
Component Internal Strain Case Balance Cseseribed in this paper is 
not sometiin: that can be eetched up on « drawing board, ouilt, 
instrumented and then put inte service forevermore, it is rather, 
the seo luen of an idea, based on sound fundamental principles, 
by the oncgineers and technicians directly coneerned with the use of 
the instrument. It 1s believed that the eubject balance ie besed 
on sound and workable principles and thet in time such a system can 
and will be developed to a hich derree of perfection and accuracy, 

Corrosion resistant steal is apecified for tne body of the 
balance, Wore specifically an SAS 3320-40 or Stainless Steal ” A" 
of Crucible Steel Company of aserica is intended. These steels have 
a proportional limit higher then any maximum caloulated stress to be 
ensountered in the balance, On the other hend the ordinary corrosion 
resistant 1568 stainless stoels have a proportional limit of only 
28,000 psi, and would, therefore, not be satisfactory. 

the measurement of the lift and pitching moment and side force 
ang vyeawing moment are straightforward and no difficulty is anticipated 
in obteining accurate readings of these components, 

Several types of rolling moment measuring systems were considered 
which sould have given greater sensitivity in roll, Thees cther types 
would, however, have veen much larcer in size due to the marnitude of 
the 14ft and pitching moment loads which have to be carried throurh 
the rolling moment section, After a conference at CT 1¢ was decided 


to go ahead with the type of rolling moment seotion shown. This lack 


of sensitivity is not a great handioap when using the balance system 
for testing projectile shaped missiles, Further, the rolling moment 
is considered less important than lift, dra and pitching — 

A drag beam of the same type used in the North American balence 
was inveatisated but was discarded in favor of the type shown because 
the magnituds of the deflections of beams of sufficient size to carry 
the other loads in the system is too small to give any sensitivity 
in the North American type draz bean, 

It is apparent from the oaloulations that maximum lift, pitohing 
moment, side fores and yawing moment must not be applied simulteneously. 
It 4s probable that thie restriction will not affect the use of the bale 
ance but it should be recognized by armyone using the instrument that 
such a combination of loads will overstress the system beyond the 
designed safety factor of five. The stresses will, however, remain 
below the proportional limit of the excel inte 
A. Evaluation of the Balance 

This balance has the following adventaces: (a) Small (Approx, 
8° x 1 3/6" dia.), (b) Corrections to wind tunnel data reduced, 

(eo) Wind tunnel rigging simplified, (d) Automatic recording of all 
forces end moments oan be made simultaneously, and, (0) Balance is free 
from boering friction, gelling, ete. 

Certain disadvantages are also apparent. Among these eres (a) Intere 
actions cen creep in unlesa gages ere positioned accurately and seourely, 
(b) Single gage bridge sensitivity of rolling moment seotion is limited 
by tho size of the section required to cerry the other loads in the 
systen, (c) Single gage bridge sensitivity of the drag beams is also 


limited by the size of the seotion requirod tom@rry the other loads in 
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the system, 
B. Development and Improvement 

Tho sensitivity of tho rolling moment ond drag gages can be 
inorensed by using a double gage bridgo cirouit es indiceted in Fig. 2b. 
A further incrensa in the sensitivity of the drag beems can ba realized 
by relisvins one end of each of the drag beams so that they will bend 
as a single cantilever instead of es a double cantilever, This will 
likely be accompanied by a reduction in meximum lift and pitching moment 
leads and should not be done until the results of calibration and/or 
use indicate the necessity or desirability of such a modification, 

This balance system is readily adaptable to installation of induct- 
ance or oapacative type electric pickups, when such improved pickups 
are developed. Puneieameres this type of balence system is not limited 
to wind tunnel use alone. It is equally adaptable for model testing 
while the model is installed on a sting mounted in an airplane which 


4s in flight. 
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CONCLUSIONS 


The Siz Component Internal Strain Gece Balence system described 
in this peper is based on sound principles and cen be developed to 
a high degree of acouracy and perfection, 

This type gage has the following advantages: (a) Small size. 
(Approx. 8" x 1 3/8" dia, It oen be made smaller for smaller loads), 
(bo) Corrections to wind tunnel data are reduced, (c) Wind tunnel 
rigging simplified, (d) Automatio recording of ell frooes and moments 
oan be made simulteneously, (co) SBalence system is free from bearing 
friction, galling, eto, 

The following disadvantages ere also apparent: (a) Intersections 
will be present unless all gages are positioned accurately and seourely, 
(b) Single gage bridge sensitivity of rolling moment section and drag 
beam is limited by the size of the section required to cerry the other 
loads in the system, (c) Simultaneous application of maximun loads 
and moments will overstress the drag beams beyond their design sefety 
factor, Stress will, however, remain within the elastic limit of the 
material, 

The accuracy of this gege can be improved by using multiple strain 
gazes in series or by the visto tien: of more sensitive electrical 
piokups of inductive or capacitive type when they become available, 

This type of a ledes system is satisfectory for model testing 


either in a wind tunnel or from an airplane in flight. 
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